negative affective states, [8] and maladaptive stress responses. [1] Heart Rate (HR) in healthy humans is influenced by physical, emotional, and cognitive activities, [7] and physiological oscillations that lead to variable beat-to-beat fluctuations in HR is known as HRV. HR and HRV are perhaps the most sensitive and easily accessible indicators of autonomic regulation and vagal activity. A high resting HR is a risk factor for cardiac disease [9, 10] while HRV reflects the dynamic balance arising from the coactivation, coinhibition, or reciprocal activation ABSTRACT Access this article online Website: www.ijoy.org.in
INTRODUCTION

Heart rate variability: A measure of cardiac autonomic control
There is growing evidence that physiological and psychological stress disrupts autonomic balance and prolonged autonomic imbalance is associated with a wide range of somatic and mental diseases. [1] Such autonomic imbalance is reflected in measures of heart rate variability (HRV), which have been positively associated with aerobic fitness, [2] resilience to stress, [3] and psychological and physiological flexibility [4] and negatively associated with cardiovascular disease, [1] stress, [1, 5, 6] neuronal atrophy, [7] Review Article Heart rate variability (HRV) has been used as a proxy for health and fitness and indicator of autonomic regulation and therefore, appears well placed to assess the changes occurring with mind-body practices that facilitate autonomic balance. While many studies suggest that yoga influences HRV, such studies have not been systematically reviewed. We aimed to systematically review all published papers that report on yoga practices and HRV. A comprehensive search of multiple databases was conducted and all studies that reported a measure of HRV associated with any yoga practice were included. Studies were categorized by the study design and type of yoga practice. A total of 59 studies were reviewed involving a total of 2358 participants. Most studies were performed in India on relatively small numbers of healthy male yoga practitioners during a single laboratory session. Of the reviewed studies, 15 were randomized controlled trials with 6 having a Jadad score of 3. The reviewed studies suggest that yoga can affect cardiac autonomic regulation with increased HRV and vagal dominance during yoga practices. Regular yoga practitioners were also found to have increased vagal tone at rest compared to non-yoga practitioners. It is premature to draw any firm conclusions about yoga and HRV as most studies were of poor quality, with small sample sizes and insufficient reporting of study design and statistical methods. Rigorous studies with detailed reporting of yoga practices and any corresponding changes in respiration are required to determine the effect of yoga on HRV.
Quantification of heart rate variability
HRV is measured using the R-R interval (QRS peak) on an electrocardiogram with the beat-to-beat variation reflecting the chaotic properties of the heart. There are a variety of different algorithmic approaches for operationalizing HRV that have been reported elsewhere. [11, 13, 14] This section outlays a brief description of time and frequency domain analysis.
It is generally accepted that under resting conditions, HRV in the time domain mainly reflects parasympathetic outflow and there are many time domain measures such as standard deviation of all normal-to-normal "N-N" intervals, root mean square of successive differences of interval (RMSSD), pair of successive normal-to-normal intervals that differ by more than 50 ms (NN50), proportion of NN50 (pNN50) etc. Frequency domain analysis reflects overall autonomic balance [13, 15] and is the most widely used tool to investigate HRV and involves decomposition of sequential R-R intervals into sinusoidal components of different amplitude and frequency. [13, 14] Power spectrum analysis is most commonly performed using the fast Fourier transformation which allows the classification of HRV into three frequency bands; very low frequency (VLF < 0.04), low frequency (LF -0.04-0.15 Hz), and high frequency (HF -0.15-0.4 Hz). [13, 14] The spectral components such as VLF, LF, and HF may be expressed in absolute values of power (ms 2 ) [13] while Pagani et al. suggest the use of relative values in the form of normalized units (n.u.) for LF and HF components such as HFn.u. and LFn.u. [15] The total frequency or variance reflects the net effect of all physiological oscillations contributing to HRV while HR oscillations in the HF band are respiratory-dependent and reflect respiratory sinus arrhythmia (RSA). As RSA is vagally modulated, HF-HRV is often considered an index of parasympathetic activity during spontaneous breathing. However, while RSA and vagal tone are inversely related to respiration rate and directly related to tidal volume under rest conditions, [11] the assumption that respiration is limited to the HF band has been questioned. [16] Just as HF-HRV is related to parasympathetic activity, LF-HRV is often related to sympathetic activity, yet the interpretation and clinical significance of HRV in the LF band have aroused intense controversy. [16, 17] The relationship between the LF band and sympathetic activity has been disputed because LF-HRV has been shown to be partly under parasympathetic control. [16] Further, it has been argued that respiratory modulation is frequency-dependent and the impact of respiration on HRV is exacerbated when the respiration rate is between 3 and 9 breaths/min, which is within the LF range. [12, 17] In this case, RSA affects primarily LF-HRV by producing large amplitude HR oscillations in the LF range.
The enormous intra-and inter-individual differences observed in respiratory patterns [17] under many different conditions [18] suggest that differences in respiratory patterns may influence the HRV spectra independent of autonomic output. [17] Large-amplitude HR oscillations occurring in the LF range resulting from breathing at an optimal frequency may reflect resonance, also known as "coherence" occurring due to entrainment between HR, blood pressure (BP), and the relaxation response (RR) [19] rather than sympathetic tone. While such entrainment of heart rhythm coherence may lead to improved BP control and gas exchange via efficient ventilation/perfusion matching, [12, 19] it obscures the interpretation of LF or LF/HF as measures of sympathetic tone or autonomic balance.
Interpretation of the "VLF" band (Hz) is even less clear than that of the LF band. While it is accepted that the VLF band is related to thermoregulation and is sympathetically mediated, [11] standardized guidelines on HRV measurement suggest that VLF band measures cannot be accurately assessed from short-term recordings. The VLF band is, therefore, rarely reported in HRV studies. [11, 13] 
Yoga and autonomic influence
Yoga involves a diverse range of mind-body practices such as meditation/relaxation techniques (dhyana), breathpractices (pranayama), and physical postures (asana) that aim to integrate the mind and body and bestow the practitioner with physical, mental, intellectual, and spiritual development. Several studies report associations between yoga and markers of autonomic activity such as HR, [20] baroreflex sensitivity, [21] galvanic skin resistance, [22] evoked potentials, [23] attention, [24] cognitive ability, emotional regulation, [25] and mental resilience. [26] Further studies report that regular yoga practice improves a wide range of clinical conditions associated with autonomic dysfunction, such as hypertension, [27, 28] diabetes, [20] anxiety, [29] depression, [30] and pain. [31] Furthermore, two systematic reviews report that yoga practices have profound effects on autonomic and metabolic activities [20, 32] and reduce cardiovascular risk. [20] In contrast, a recently published systematic review and meta-analysis that included 14 randomized clinical trials suggests there is no convincing evidence that yoga modulates HRV. [33] Despite the known, strong relationship between autonomic function and HRV, and multiple reports of changes in HRV with yoga practice, the literature on yoga and HRV has not yet been subjected to a comprehensive review. This current paper aims to review the existing literature and document the long-and short-term effects of different yoga practices on HRV.
METHODOLOGY
For this systematic review, a comprehensive search of multiple databases including Scopus, PubMed, PsycINFO, CINAHL, Cochrane, and Science Direct Database was conducted, and a separate search was performed in Indian medical journals through IndMed, which indexes more than 100 prominent Indian scientific journals. The bibliographies of identified papers were also searched for relevant articles. The search was performed for articles published up to July 2015 and was not otherwise restricted by date or study population. The primary search terms included yoga, yogic, asana/posture, pranayama/breathing, yoga nidra/relaxation, and meditation that included Transcendental, Brahma Kumaris, AUM, mantra and Kundalini, Kriya Yoga, Ananda Yoga, and Sudarshan Kriya with keywords HRV, RSA, autonomic, sympathetic, parasympathetic, and vagal. All studies that reported quantification of HRV in power spectrum frequency band, standard deviation values of beat-to-beat intervals or heart rhythm coherence with any yoga practice including yoga asanas (postures), pranayama (breathing), meditation, and yogic relaxation/nidra practices used either alone or as an integrated practice were included. Studies that included meditative practices directly associated with yoga such as transcendental meditation (TM) were also included in the review.
Studies were excluded if they were not in English, unobtainable, or only involved meditation and relaxation practices that are not directly associated with yoga such as Zazen/Zen, Buddhist, Vipassana or concentrative meditation, g-Tummo yoga, Qigong, RR, progressive muscle relaxation, and autogenic relaxation.
Selected studies were categorized according to the type of intervention: Relaxation/meditation, breathing, and postures/integrated yoga; the quality of the randomized controlled trials (RCT) was assessed using a Jadad score, which is a score from 0 to 5 that provides a measure of methodological rigor based on randomization, masking, and accountability (dropout and withdrawals). [34] 
RESULTS
This review included 59 studies involving 2358 experimental subjects with study durations ranging from a single session to 6 months. A total of 16 RCTs were located with all of them having a Jadad score of 3 or less. A flowchart of the study search including the numbers of papers identified is shown in Figure 1 . Studies, categorized according to the type of intervention (relaxation/ meditation, pranayama practice, and integrated yoga/asana practice), are presented in Tables 1-5. Table 1 summarizes the 12 studies investigating HRV during yoga relaxation and/or meditation. Seven of these studies are laboratory-based studies, of which six studies involved regular yoga/meditation practitioners while one involves non-yoga practitioners including hypertensive patients. Studies are longitudinal studies that include one cohort, one non-RCT (NRCT), and three RCTs that range from 6-week to over 6-month. These studies, which include 581 participants, reported varied outcomes with 8 studies reporting increases in HRV during yoga relaxation and/or meditation and 4 studies reporting no change.
Heart rate variability and yogic relaxation or meditation
Five of the laboratory-based studies compared HRV at baseline with HRV during or after a single laboratory session of yoga relaxation or meditation practice in regular yoga practitioners while a further study compared HRV during different stages of meditation. A further laboratory study compared HRV between different interventions after a single laboratory session study involving normotensive and hypertensive subjects. Of these studies, four reported reduced LFn.u. and increased HFn.u. [22, 35, 36, 40] while two different studies of TM in advanced meditators reported increased HF power during periods of meditation compared to baseline eyes closed [37] and during periods of transcendental experience compared to other experiences during meditation. [38] The one study examining HRV during meditation (dhyana), focused thinking (dharana), nonmeditative thinking (ekagrata), and random thinking (cancatla) reported reduced LFn.u. and increase HFn.u. during meditation (dhyana) and an increased LFn.u. and reduced HFn.u. during nonmeditative thinking and random thinking. [22] Whereas the study examining HRV in normotensive and hypertensive subjects reported decreased LFn.u. and increased HFn.u. after yoga relaxation compared to supine rest. [40] Furthermore, one study that compared HRV at baseline with HRV after yoga relaxation reported no change in HRV. [39] A recent 12-week cohort study reported increases in both frequency and time domains [41] whereas of the three randomized studies, one study of coronary heart disease patients (with Jadad score 3) reported a marginal increase in absolute power of HF-HRV (HFms 2 ) after 16-weeks of TM compared to a control group that received heath education. [45] Of the two RCTs reporting no change in HRV, one (with Jadad score 3) reported no change after 10-weeks of TM [44] while another (with Jadad score 2) reported no change in HRV after 6-months of regular yoga relaxation practice. [43] Similarly, a NRCT of adolescents reported no change in HRV after 6-weeks of yoga relaxation practice. [42] Heart rate variability and yoga breathing Table 2 summarizes 5 studies that involved rapid breathing practices. Two studies that measured HRV during rapid Kapalbhati breathing reported decreases in LFms 2 and HFms 2 [46, 47] while two studies that compared HRV before and after Kapalbhati breathing reported increased LFn.u. and reduced HFn.u., [48] or no change in LFn.u. and HFn.u. and a reduction in pNN50 after the practice. [49] The only longitudinal study was an RCT (with Jadad Score of 2) of elderly people regularly performing Bhastrika (rapid shallow breathing) that compared HRV before and after a 4-month intervention period. This study, which measured HRV during a period of regulated breathing at 12 breaths/min, reported decreases in LFn.u. and LF/HF in the breathing group compared to controls. [50] Table 3 summarizes the 13 studies that involved slow breathing practices. Of these, ten are laboratory based and three are longitudinal studies that include one cohort, one NRCT, and one RCT that range from 2-month to 5-month.
Nine laboratory-based studies compared HRV before and either during or after various slow breathing practices. Of these, two studies reported increases in LFms 2 [47, 53] and two reported increases in LFn.u. with increase in LF/HF observed during breathing practice, [54, 56] while one study reported increased HR oscillations in the LF band. [51] Similarly increased HR oscillations in the LF band and significant decreases in respiratory frequency were also reported during mantra chanting and rosary prayer compared to post-session spontaneous breathing. [52] One study that examined extremely slow breathing at one breath/min in a single practitioner reported an increase in VLFms 2 and LF/HF and corresponding increases in HR while also reporting reductions in LFms 2 and HFms 2 . [55] Furthermore, a recent study of slow yoga breathing in regular yoga practitioners reported no change in frequency measures compared to baseline despite improvement in time domain measures. [59] In addition, similar improvements in time domain measures have been reported in regular yoga practitioners compared to nonyoga practitioners during slow yoga breathing regulated at 6 breaths/min. [58] Three studies examined combinations of breathing that include both fast and slow breathing practices. Of these, two studies reported increased LFms 2 and reduced RMSSD during the practices [57] and decreased sympathovagal balance with increased HFn.u. and reduced LFn.u. after 2-month of regular practice. [60] Additionally, a 5-month RCT involving healthy non-yoga participants reported no change in frequency measures of HRV with Sudarshan Kriya. [62] A similar findings are reported in a 3-month NRCT involving chronic obstructive pulmonary disease patients with yoga breathing practice. [61] Heart rate variability, yoga postures and integrated yoga practices Table 4 summarizes 27 studies that investigated either yoga postures or integrated yoga practices that combine postures breathing and meditation. The majority of these studies reports enhanced autonomic balance.
Of the seven reported (3 with Jadad score of 3) ranging from 4-week to 36-week, two RCTs each with more than 20 healthy non-yoga practitioners [80, 84] and four RCTs each with more than 60 participants [79, [81] [82] [83] reported increased HFn.u., decreased LFn.u., and LF/HF with integrated yoga practices. While one RCT with 239 sedentary non-yoga practitioners reported increased heart rhythm coherence after 12 weeks of Vinyasa yoga. [85] A decrease in LFms 2 is also reported in a 4-week longitudinal cohort study of healthy female participants practicing integrated yoga [77] and an 8-week study of depressive patients practicing Iyengar yoga. [72] Furthermore, increase in pNN50 is reported after 8-week in patients with elevated BP after practicing inverted or semi-inverted yoga postures. [74] Of the reviewed laboratory studies, four involved cyclic meditation, which involves a series of postures interspersed with relaxation practices. Three of these studies report increased HFn.u. and decreased LFn.u. along with decreased LH/HF post-intervention compared to baseline, [67] [68] [69] while one reports higher sympathovagal balance and lower LFn.u. during sleep after the practice of cyclic medication compared to rest. [70] Further laboratory studies report decreased LF and increased HF with yoga inversion postures. [63, 65] In addition, laboratory studies also report decreased HF and increased LF/HF [64] with yoga inversion postures and increased time domain indicators of vagal activities with Iyengar yoga, [71] laughter yoga, [73] chair-based yoga practice, [66] and integrated yoga. [75] Other studies report no change in HRV with various yoga practices. These include four RCTs of integrated practices (only one of which had a Jadad scores of 3) involving <40 subjects, [21, [86] [87] [88] one NRCT with hypertensive patients, [78] and a small cohort study of 11 hypertensive patients and 6 diabetic patients practicing integrated yoga for 7 days. [76] Table 5 summarizes four studies comparing HRV in the resting state in non-yoga practitioners versus regular yoga practitioners. Three of these studies reported enhanced parasympathetic activity measured in the time and/or frequency domain in the regular yoga practitioners, [58, 90, 91] while one study reported lower parasympathetic activity in regular practitioners. [89] 
DISCUSSION
The reviewed studies suggest that yoga can affect cardiac autonomic regulation. Most of these studies however, are of poor quality with few studies providing robust statistical analysis or estimation of effect sizes. Furthermore, as in many other studies of HRV, [14] few studies on yoga and HRV provide details of respiratory rate making it extremely difficult to distinguish changes in HRV due to changes in autonomic cardiac control and changes in HRV due to changes in respiration. This is compounded by the differences in yoga practices, procedures and their duration. Many yoga practices also, involve altered respiration and differences in instructions to subjects, the type of training given, and the respiration rates achieved, could lead to large differences in HRV measures.
Experimental and cohort studies report vagal dominance in both time and frequency domains, during and after various yoga practices including meditation, relaxation, breathing, and integrated practices. The reviewed studies further report that regular yoga practice increases vagal tone in yoga practitioners compared to non-yoga practitioners, [58, 90] sedentary individuals, [91] and individuals who regularly practice aerobic exercise. [90] In addition, yoga is reported to improve vagal outflow in sedentary individuals [83] and to enhance vagal and inhibit sympathetic activity in congestive heart failure patients. [82] Although the mechanism by which yoga influences autonomic activity is not well understood, some yoga practices appear to directly stimulate the vagus nerve and enhance parasympathetic output [20] leading to parasympathetic dominance and enhanced cardiac function, mood, and energy states, as well as enhanced neuroendocrine, metabolic, cognitive, and immune responses. [1, 6] While the bidirectional flow of the vagus nerve allows adaptive and flexible interaction between the amygdala, prefrontal cortex, and the peripheral organs, an extensive body of literature suggests that this interaction also mediates cognitive behavioral and emotional responses. [1, 6] HRV, therefore, appears well placed to reflect the emotional and cognitive influences on organ function and the mind-body integration that occurs with many yoga practices by directly linking the input and output of the central nervous system. [1] The present review suggests that yoga breathing practices, which involve a variety of breathing patterns at frequencies ranging from <1 to >120 BPM, can have profound effects on HRV and RSA, both of which are highly sensitive to breath-rate. Studies of HF Kapalbahti breathing at either 120 BPM or 60 BPM are reported to decrease vagal activity measured in either the frequency and/or time domain, with reductions being maintained after the practice. [48, 49] In contrast, slow yoga breathing practices are reported to increase HR fluctuations in the LF band [53, 54, 56] and/or increase the LF/HF ratio [47, 54, 56, 57] with some studies reporting simultaneous increases in HR. [53, 56] It is interesting to note that some slow breathing practices increase HR, [47, 53, 55, 56] while some meditation practices associated with slow breathing can reduce HR. [22, 35, 36, 42, 43] This may be due to slow breathing being an active process that is associated with heightened attention and an increased metabolic rate while meditation is a passive practice that is associated with diminished attention and reduced metabolic rate. [32] High-amplitude peaks in the LF range during rhythmical slow breathing between 4.5 and 6.5/min may reflect resonance characteristics of the cardiovascular system where RSA interacts with the baroreflex. [11] Breathing at this resonant frequency, or other rhythmical stimulation at this frequency such as rhythmical skeletal muscle contraction, [92, 93] may increase HRV and be reflected in large increases in the LF band and simultaneous decreases in the HF band. Such resonance effects are reported with yoga slow breathing practices [51] as well as with yoga mantra chanting [47, 52] and some meditative practices. [47, 51] There is strong evidence that when the system is stimulated at this frequency, a phase relationship occurs between HR and BP oscillations (at 180°) and between HR oscillations and respiration (at 0°) generating high-amplitude HR peaks in the LF range that account for higher total HRV [94] as well as a decrease in HR. [95] Thus, when people breathe at this rate, gas exchange is most efficient, [12] leading to better oxygen saturation and enhanced tolerance to exercise and altitude. Regular practice of such breathing may also lead to changes in resting RSA and improved baroreceptor activity with positive autonomic effects, such as those observed with HRV-biofeedback training [19, 96] and regular yoga practice. [97, 98] While slow breathing leads to resonance in the LF range, very slow breathing may lead to resonance in the VLF range and activation of sympathetically mediated thermoregulatory mechanisms. This is suggested by one of the reviewed studies that reports feelings of warmth and reduced LF and increased "VLF" (0.0003-0.04 Hz) power in an advanced yoga breathing at a frequency of around 1 BPM. [55] This is further supported by another study of advanced Zen meditators who reported feelings of warmth while displaying increased oscillatory peaks in both LF and VLF bands accompanied with reductions in HR during meditation. [99] It is interesting to note that advanced meditators appear to be able to voluntarily manipulate what are often considered involuntary autonomic functions such as peripheral temperature. For example, one advanced yoga practitioner is reported to voluntarily produce a temperature difference of 11°F on different parts of the same palm. [100] A further report suggests that advanced g-Tummo meditators are able to produce dramatic increases of up to 8.3°C in peripheral body temperature (finger and toes) [101, 102] and use their body heat to dry previously wet bed-sheets placed over their shoulders in a 40°F room without shivering. [103] While the mechanisms behind conscious control over autonomic functions such as vasodilation and vasoconstriction remain unexplained, previous studies have shown that yoga practices can have profound effects on autonomic activity as well as on oxygen consumption and metabolic rate. [32] The ability of yoga to influence autonomic function has been the subject of numerous studies that suggest that yoga practices reduce autonomic arousal and assist with a wide range of stress-related disorders. [104] This may be mediated by increased parasympathetic activity as indicated by the increased HF observed during TM. [37, 38] Yoga practices have also been reported to reduce anxiety and induce relaxation, with effects comparable to other stress-reducing techniques such as cognitive behavioral therapy and African dance. [105] While at least some of the stress-relieving effects of yoga may be related to altered autonomic arousal, clinical improvements with yoga are not necessarily reflected by changes in HRV. For example, yoga practices are reported to reduce HR, without corresponding changes in HRV. [21, 43] Improvements in high frontal coherence with TM [44] and improvements in quality of life, [87] flexibility, [88] and mood [86] with various yoga practices are also reported despite no change in HRV. It may be that many of the positive effects of yoga on autonomic function are due to resonance effects produced by changes in respiration or by other mechanism such as rhythmical skeletal muscle tension occurring during various yoga postures that may lead to vagal dominance and enhanced baroreflex gain without corresponding changes in HRV. [92, 93] While the finding of increased HRV and improved vagal tone with yoga are consistent across most studies, it is premature to draw firm conclusions about the influence of yoga on HRV. Not all studies report HRV changes with yoga and the quality of most studies published to date is poor with few studies providing adequate reporting of study design, study population, yoga practices, methods of measurements, or statistical methods. Furthermore, the majority of studies to date have been performed in India with small numbers of adult yoga practitioners without matched comparison groups, making it difficult to extrapolate results to other populations. Most studies also lack the standardized conditions required for accurate measurement of HRV and do not express HRV spectral components in n.u. as per international convention. [8, 11, 13] A lack of methodological rigor has also been noted within RCTs of yoga and HRV. [33] Further studies are therefore needed that include more rigorous disclosure about the study methodology, the population involved, and the yoga practices being performed before more definitive conclusions about the effects of yoga and HRV can be made.
CONCLUSIONS
Yoga practices, including meditation, relaxation, yoga postures, breathing, and integrated practices, appear to improve autonomic regulation and enhance vagal dominance as reflected by HRV measures; however, it is difficult to make conclusive statements about yoga and HRV as existing studies are of poor quality and use a range of heterogeneous measures. Changes in HRV with yoga may reflect resonance effects between respiration, muscle contractions, HR, and baroreflexes that enhance autonomic efficiency. More rigorous studies are required to elucidate the autonomic and clinical benefits of such practices and it is vital that future studies of yoga and HRV include detailed reporting of the yoga practices used and any corresponding changes in respiration.
